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Abstract
R.T. Chien and D.T. Tang [On deﬁnition of a burst, IBM J. Res. Develop. 9 (1965) 292–293] introduced the concept of Chien
and Tang bursts (CT bursts) for classical coding systems where codes are subsets (or subspaces) of the space Fnq , the space of all
n-tuples with entries from a ﬁnite ﬁeld Fq . In this paper, we extend the notion of CT bursts for array coding systems where array
codes are subsets (or subspaces) of the space Matm×s (Fq), the linear space of all m× s matrices with entries from a ﬁnite ﬁeld Fq ,
endowed with a non-Hamming metric [M.Yu. Rosenbloom, M.A. Tsfasman, Codes for m-metric, Problems Inform. Transmission
33 (1997) 45–52]. We also obtain some bounds on the parameters of array codes for the detection and correction of CT burst errors.
© 2007 Elsevier B.V. All rights reserved.
MSC: 94B05
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1. Introduction
In a classical coding setting [3,7,12], codes are subsets (or subspaces) of ambient space Fnq and are investigated with
respect to the Hamming metric. Also, array codes having 2-dimensional arrays as code vectors have been studied by
many authors [2,8,17] etc. Recently in [14],m-metric array codes which are subsets (or subspaces) of linear space of all
m × s matrices Matm×s(Fq) with entries from a ﬁnite ﬁeld Fq endowed with a non-Hamming metric were introduced
and some bounds on code parameters were obtained. This newly deﬁned non-Hamming metric gained attention of
several mathematicians as a result of which there has been a recent growth of interest and research in m-metric array
codes (e.g. [5,6,9–11,15,16]).
Here is a model of an information transmission for which array coding is useful and the non-Hammingmetric deﬁned
in [14] is the natural quality characteristic of a code. Suppose that a sender transmits messages, each being an s-tuple of
m-tuples of q-ary symbols over m parallel channels. We assume that there is an interfering noise in the channels which
creates errors in the transmitted message.An important and practical situation is when errors are not scattered randomly
in the code array (or code matrix) but are in cluster form and are conﬁned to a submatrix part of the code matrix. These
errors arise, for example, due to lightning and thunder in deep space and satellite communications. Motivated by this
idea, the author introduced the notion of bursts [9] in array coding. In this paper, we introduce the class of Chien and
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Tang bursts (CT bursts) in array coding which is a superclass of bursts considered in [9] and is also a generalization of
CT bursts introduced by Chien andTang [4] for classical coding systems.We also obtain some bounds on the parameters
of m-metric array codes for the detection and correction of CT bursts. The study of CT bursts is important due to the
fact that the number of CT bursts of a particular order is greater than the number of usual bursts [9] of the same order
and the code which can correct CT bursts can also correct all usual bursts of the same order. Also, CT bursts have been
found useful in error analysis experiment on telephone lines [1].
2. Deﬁnitions and notations
Let Fq be a ﬁnite ﬁeld of q elements. Let Matm×s(Fq) denote the linear space of all m × s matrices with entries
from Fq . An m-metric array code is a subset of Matm×s(Fq) and a linear m-metric array code is an Fq -linear subspace
of Matm×s(Fq). Note that the space Matm×s(Fq) is identiﬁable with the space Fmsq . Every matrix in Matm×s(Fq) can
be represented as a 1×ms vector by writing the ﬁrst row of matrix followed by second row and so on. Similarly, every
vector in Fmsq can be represented as an m × s matrix in Matm×s(Fq) by separating the coordinates of the vector into
m groups of s-coordinates.
There are two equivalent ways of deﬁning the non-Hamming weight and metric on the space Matm×s(Fq), viz. row
weight and column weight [6,14]. We consider the row weight deﬁnition which runs as follows:
Let Y ∈ Mat1×s(Fq) with Y = (y1, y2, . . . , ys). Deﬁne row weight (or weight) of Y as
wt(Y ) =
{
max{i|yi = 0} if Y = 0,
0 if Y = 0.
We extend the deﬁnitions of wt to the class of m × s matrices as
wt(A) =
m∑
i=1
wt(Ri),
where
A =
⎡
⎢⎣
R1
R2
· · ·
Rm
⎤
⎥⎦ ∈ Matm×s(Fq)
and Ri denotes the ith row of A. Then wt satisﬁes 0wt(A)n (=ms)∀A ∈ Matm×s(Fq) and determines a metric
on Matm×s(Fq) known as row-metric or m-metric or RT metric.
In this paper, we take distance and weight in the sense of row-metric.
3. CT bursts in m-metric array codes
We now deﬁne CT bursts in m-metric array codes:
Deﬁnition 3.1. A CT burst of order pr (or p × r) (1pm, 1rs) in the space Matm×s(Fq) is an m × s matrix
in which all the non-zero entries are conﬁned to some p × r submatrix which has non-zero ﬁrst row and ﬁrst column.
Observations. (1) For m = p = 1, Deﬁnition 3.1 reduces to the deﬁnition of CT burst for classical codes [4].
(2) The class of usual bursts [9] in Matm×s(Fq) is a subclass of the class of CT bursts.
(3) It is clear that the non-zero p × r submatrix in a CT burst of order pr (1pm, 1rs) in the space
Matm×s(Fq) can have (i, j) as its starting position where 1 im − p + 1 and 1js − r + 1.
Remark 3.1. A CT burst of order pr or less (1pm, 1rs) in the space Matm×s(Fq) is a CT burst of order cd
(or c × d) where 1cpm and 1drs.
S. Jain / Discrete Mathematics 308 (2008) 1489–1499 1491
Example 3.1. Consider the linear space Mat3×3(F2). Then all CT bursts of order 2 × 2 are given by(1 1 0
1 1 0
0 0 0
)
,
(1 0 0
1 1 0
0 0 0
)
,
(1 0 0
0 1 0
0 0 0
)
,
(1 1 0
0 1 0
0 0 0
)
,
(1 1 0
1 0 0
0 0 0
)
,
(0 1 0
1 1 0
0 0 0
)
,
(0 1 0
1 0 0
0 0 0
)
,
(0 1 1
0 1 1
0 0 0
)
,
(0 1 0
0 1 1
0 0 0
)
,
(0 1 0
0 0 1
0 0 0
)
,
(0 1 1
0 0 1
0 0 0
)
,
(0 1 1
0 1 0
0 0 0
)
,
(0 0 1
0 1 1
0 0 0
)
,
(0 0 1
0 1 0
0 0 0
)
,
(0 0 0
1 1 0
1 1 0
)
,
(0 0 0
1 0 0
1 1 0
)
,
(0 0 0
1 0 0
0 1 0
)
,
(0 0 0
1 1 0
0 1 0
)
,
(0 0 0
1 1 0
1 0 0
)
,
(0 0 0
0 1 0
1 1 0
)
,
(0 0 0
0 1 0
1 0 0
)
,
(0 0 0
0 1 1
0 1 1
)
,
(0 0 0
0 1 0
0 1 1
)
,
(0 0 0
0 1 0
0 0 1
)
,
(0 0 0
0 1 1
0 0 1
)
,
(0 0 0
0 1 1
0 1 0
)
,
(0 0 0
0 0 1
0 1 1
)
,
(0 0 0
0 0 1
0 1 0
)
,
(1 1 0
0 0 0
0 0 0
)
,
(1 0 0
0 0 0
0 0 0
)
,
(1 0 0
1 0 0
0 0 0
)
,
(0 1 1
0 0 0
0 0 0
)
,
(0 1 0
0 0 0
0 0 0
)
,
(0 1 0
0 1 0
0 0 0
)
,
(0 0 0
1 1 0
0 0 0
)
,
(0 0 0
1 0 0
0 0 0
)
,
(0 0 0
1 0 0
1 0 0
)
,
(0 0 0
0 1 1
0 0 0
)
,
(0 0 0
0 1 0
0 0 0
)
,
(0 0 0
0 1 0
0 1 0
)
.
We now obtain a bound for the correction of CT burst errors in linear m-metric array codes.
Theorem 3.1. An (n, k) linear m-metric array code V ⊆ Matm×s(Fq) where n = ms that corrects all CT bursts of
order pr (1pm, 1rs) must satisfy
qn−k1 + T p×rm×s (Fq), (1)
where T p×rm×s (Fq) is the number of CT bursts of order pr (1pm, 1rs) in Matm×s(Fq) and is given by
T
p×r
m×s (Fq) =
⎧⎪⎪⎪⎨
⎪⎪⎪⎩
ms(q − 1) if p = 1, r = 1,
m(s − r + 1)(q − 1)qr−1 if p = 1, r2,
(m − p + 1)s(q − 1)qp−1 if p2, r = 1,
(m − p + 1)(s − r + 1)qr(p−1)
×[(qr − 1) − (qr−1 − 1)q1−p] if p2, r2.
(2)
Proof. Consider a CT burstA ∈ Matm×s(Fq) of order pr (1pm, 1rs). Let B be the p×r non-zero submatrix
of A such that all the non-zero entries of A are conﬁned to B with ﬁrst row and ﬁrst column of B to be non-zero. There
are four cases depending upon the values of p and r.
Case 1: When p = 1, r = 1. In this case, number of starting positions for the 1 × 1 non-zero submatrix B in m × s
matrix A is ms and these ms positions can be ﬁlled by (q − 1) non-zero elements from Fq . Therefore, number of CT
bursts of order 1 × 1 in Matm×s(Fq) is given by
T 1×1m×s (Fq) = ms(q − 1).
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Case 2: When p = 1, r2. In this case, number of starting positions for the 1 × r non-zero submatrix B in m × s
matrix A is m(s − r + 1) and entries in the 1× r submatrix B can be selected in (q − 1)qr−1 ways. Therefore, number
of CT bursts of order 1 × r in Matm×s(Fq) is given by
T 1×rm×s(Fq) = m(s − r + 1)(q − 1)qr−1.
Case 3: When p2, r = 1. In this case, number of starting positions for the p × 1 non-zero column submatrix B in
m × s matrix A is (m − p + 1)s and entries in the p × 1 submatrix B can be selected in (q − 1)qp−1 ways. Therefore,
number of CT bursts of order p × 1 in Matm×s(Fq) is given by
T
p×1
m×s (Fq) = (m − p + 1)s(q − 1)qp−1.
Case 4: When p2, r2. In this case, we ﬁrst compute the number of ways in which rows of B can be selected
with the partial constraint of CT burst i.e. ﬁrst row of B to be non-zero. This can be done in
(qr − 1)qr(p−1) (3)
ways as ﬁrst row of B can be selected in (qr − 1) ways and the remaining (p − 1) rows can be selected in qr ways.
To take care of the fact that the ﬁrst column of B is also non-zero, we compute the number of ways enumerated in (3)
which give rise to ﬁrst column as zero and this number is given by
(qr−1 − 1)q(r−1)(p−1). (4)
Now subtracting (4) from (3) gives the number of ways in which rows of B can be selected with the full constraint of
CT burst and is given by
(3) − (4)
= qr(p−1)[(qr − 1) − (qr−1 − 1)q1−p]. (5)
Since number of starting positions for the submatrixB of orderpr (2pm, 2rs) in thematrixA ∈ Matm×s(Fq)
is (m−p+1)(s − r +1), therefore, number of CT bursts of order pr (2pm, 2rs) in Matm×s(Fq) is obtained
by multiplying (5) with (m − p + 1)(s − r + 1) and is given by
T
p×r
m×s (Fq) = (m − p + 1)(s − r + 1)qr(p−1)[(qr − 1) − (qr−1 − 1)q1−p].
Combining the four cases, we get (2).
Now, since the linearm-metric array codeV ⊆ Matm×s(Fq) corrects all CT bursts of orderpr (1pm, 1rs),
therefore, all CT bursts of order pr (1pm, 1rs) including the null m × s matrix must belong to different
cosets of the standard array. Since number of available cosets is equal to qn−k , therefore, we must have
qn−k1 + T p×rm×s (Fq),
where T p×rm×s (Fq) is given by (2) and we get (1). 
Remark 3.2. Take m = s = 3, p = r = 2 and q = 2 in T p×rm×s (Fq) computed in (2). We get T 2×23×3 (F2) = 40 and these
40 CT bursts of order 2 × 2 in Mat3×3(F2) are listed in Example 3.1.
Now, we obtain a bound for the correction of all CT bursts of order pr or less.
Theorem 3.2. The number of parity check digits required for an (n, k) linear m-metric array code V ⊆ Matm×s(Fq),
where n = ms, that corrects all CT bursts of order pr or less (1pm, 1rs) is at least
logq
[
1 +
p∑
c=1
r∑
d=1
T c×dm×s (Fq)
]
, (6)
where T c×dm×s (Fq) is given by (2).
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Proof. Follows directly from Theorem 3.1 and Remark 3.1. 
4. CT bursts with weight constraint in m-metric array codes
In this section, we obtain a lower bound on the number of parity check digits required to correct all CT bursts of
order pr (or less) (1pm, 1rs) in Matm×s(Fq) having weight (or -weight) w or less (1wms).
The bound obtained is analogous to the Hamming bound for random error correction [14]. We ﬁrst prove a lemma
that enumerates the number of CT bursts of order pr (1pm, 1rs) having -weight w or less.
Lemma 4.1. The number of CT bursts of order pr (1pm, 1rs) in Matm×s(Fq) having -weight w or less
(1wms) is given by
T
p×r
m×s (Fq,w) =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
m × min(w, s) × (q − 1) if p = r = 1,
m × min(w − r + 1, s − r + 1)(q − 1)qr−1 if p = 1, r2,
(m − p + 1)
min(w,s)∑
j=1
p−1∑
=0:
j w−j
(
p − 1

)
(q − 1)+1 if p2, r = 1,
(m − p + 1)
min(w−r+1,s−r+1)∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1)
if p2, r2,
(7)
where
Q
p
j,r =
∑
kj ,kj+1,...,kj+r−1
p!∏r−1
l=0 kj+l !
(
p −∑r−1l=0 kj+l)!
(
q − 1
q
)∑r−1
l=0 kj+l
q
∑r−1
l=0 (l+1)kj+l , (8)
and kj , kj+1, . . . , kj+r−1 are nonnegative integers such that
r−1∑
l=0
kj+lp,
r−1∑
l=0
(j + l)kj+lw. (9)
Proof. Consider a CT burst A =
[
A1
A2···
Am
]
where Ai = (ai1 , ai2 , . . . , ais ), of order pr (1pm, 1rs) having
-weight w or less (1wms). Let B be the p × r non-zero submatrix of A such that all the non-zero entries of
A are conﬁned to B with ﬁrst row and ﬁrst column of B non-zero. There are four cases depending upon the values
of p and r.
Case 1: When p = 1, r = 1. In this case, number of starting positions for the 1 × 1 non-zero submatrix B in
m × s matrix A is m × min(w, s) and these m × min(w, s) positions can be ﬁlled by (q − 1) non-zero elements
from Fq . Therefore, number of CT bursts of order 1 × 1 having -weight w or less in Matm×s(Fq) is
given by
T 1×1m×s (Fq,w) = m × min(w, s) × (q − 1).
Case 2: When p = 1, r2. In this case, number of starting positions for the 1 × r non-zero submatrix B in m × s
matrix A is m × min(w − r + 1, s − r + 1) and entries in the 1 × r submatrix B can be selected in (q − 1)qr−1 ways.
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Therefore, number of CT bursts of order 1 × r having -weight w or less in Matm×s(Fq) is given by
T 1×rm×s(Fq,w) = m × min(w − r + 1, s − r + 1) × (q − 1)qr−1.
Case 3: When p2, r = 1. In this case, the p × 1 non-zero column vector B can have (i, j) as its starting positions
in m× s matrix A where i can vary from 1 to (m−p+ 1) and j can vary from 1 to min(w, s). With (i, j) as the starting
position of p × 1 non-zero column matrix B, entries in B can be ﬁlled in
p−1∑
=0:
j w−j
(q − 1)
(
p − 1

)
(q − 1)
ways as the ﬁrst component of the column matrix B can be chosen in (q − 1) ways and remaining (p − 1) components
can be chosen in
∑p−1
=0 (
p−1
 )(q − 1) ways subject to constraint jw − j . Therefore, number of CT bursts of order
p × 1 having -weight w or less in Matm×s(Fq) is given by
T
p×1
m×s (Fq,w) = (m − p + 1)
min(w,s)∑
j=1
p−1∑
=0:
j w−j
(q − 1)
(
p − 1

)
(q − 1)
= (m − p + 1)
min(w,s)∑
j=1
p−1∑
=0
j w−j
(
p − 1

)
(q − 1)+1.
Case 4: When p2, r2. In this case, let the p × r non-zero submatrix B start at the (i, j)th position in A. Out
of p rows of B, let kj , kj+1, kj+2, . . . , kj+r−1 be the number of rows of B having -weight j, j + 1, . . . , j + r − 1,
respectively. Let Qpj,r denote the number of matrices of order p × r starting at the (i, j)th position in the matrix A
and having -weight j, j + 1, . . . , j + r − 1 with kj , kj+1, kj+2, . . . , kj+r−1 occurrences, respectively. Qp−1j,r counts
the matrices with the same property as above but with the ﬁrst row zero. Qpj+1,r−1 counts the matrices with the
same property as above but with the ﬁrst column zero and Qp−1j+1,r−1 counts the matrices of order p × r where the
entries of the ﬁrst row and ﬁrst column are all zeros. Then the number of ways in which p rows of B can be selected
is given by
Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1, (10)
where Qpj,r is given by (8) satisfying (9). Since in the starting position (i, j) of the submatrix B, i can vary from
1 to (m − p + 1) and j can vary from 1 to min(w − r + 1, s − r + 1), therefore, summing (10) over i and j,
we get number of CT bursts of order pr (or p × r) (2pm, 2rs) having -weight w or less (1wms) and
is given by
T
p×r
m×s (Fq,w) =
(m−p+1)∑
i=1
min(w−r+1,s−r+1)∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1)
= (m − p + 1)
min(w−r+1,s−r+1)∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1),
where Qpj,r is given by (8) satisfying constraints (9).
Hence the lemma. 
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Example 4.1. Take m = s = 3, p = r = 2, q = 2 and w = 3. Then number of CT bursts of order 2 × 2 having
-weight 3 or less in Mat3×3(F2) is given by (using Lemma 4.1):
T 2×23×3 (F2, 3) = (4 − p)
min(w−r+1,4−r)∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1)
∣∣∣∣∣∣
p=2,r=2,w=3
= (4 − p)
2∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1)
∣∣∣∣∣∣
p=2,r=2,w=3
= 2[(Q21,2 − Q11,2 − Q22,1 + Q12,1) + (Q22,2 − Q12,2 − Q23,1 + Q13,1)]
= 2(R + S), (11)
where
R = Q21,2 − Q11,2 − Q22,1 + Q12,1,
S = Q22,2 − Q12,2 − Q23,1 + Q13,1.
We now compute various expressions occurring in R and S. For this we consider
Q21,2 =
∑
k1,k2
2!∏2
l=1kl !
(
2 −∑2l=1kl)!
(
1
2
)∑2
l=1kl
(2)
∑2
l=1lkl ,
where k1, k2 are nonnegative integers satisfying
kl + k22,
kl + 2k23.
The feasible solutions for (k1, k2) for the expression Q21,2 are given by
(k1, k2) = (0, 0), (1, 0), (1, 1), (2, 0), (0, 1).
Therefore,
Q21,2 = 1 +
2!
1!0!1!
(
1
2
)1
21 + 2!
1!1!0!
(
1
2
)2
23 + 2!
2!0!0!
(
1
2
)2
22 + 2!
0!1!1!
(
1
2
)1
22
= 1 + 2 + 4 + 1 + 4 = 12.
A similar computation gives
Q11,2 = 4, Q22,1 = 3, Q12,1 = 2, Q22,2 = 7, Q12,2 = 4, Q23,1 = 3, Q13,1 = 2.
Thus,
R = Q21,2 − Q11,2 − Q22,1 + Q12,1 = 12 − 4 − 3 + 2 = 7,
S = Q22,2 − Q12,2 − Q23,1 + Q13,1 = 7 − 4 − 3 + 2 = 2.
Substituting the values of R and S in (11), we get
T 2×23×3 (F2, 3) = 2(7 + 2) = 18.
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These 18 CT bursts of order 2 × 2 having -weight 3 or less in Mat3×3(F2) are given by
(1 0 0
1 1 0
0 0 0
)
,
(1 0 0
0 1 0
0 0 0
)
,
(1 1 0
1 0 0
0 0 0
)
,
(0 1 0
1 0 0
0 0 0
)
,
(0 0 0
1 0 0
1 1 0
)
,
(0 0 0
1 0 0
0 1 0
)
,
(0 0 0
1 1 0
1 0 0
)
,
(0 0 0
0 1 0
1 0 0
)
,
(1 1 0
0 0 0
0 0 0
)
,
(1 0 0
0 0 0
0 0 0
)
,
(1 0 0
1 0 0
0 0 0
)
,
(0 1 1
0 0 0
0 0 0
)
,
(0 1 0
0 0 0
0 0 0
)
,
(0 0 0
1 1 0
0 0 0
)
,
(0 0 0
1 0 0
0 0 0
)
,
(0 0 0
1 0 0
1 0 0
)
,
(0 0 0
0 1 1
0 0 0
)
,
(0 0 0
0 1 0
0 0 0
)
.
Example 4.2. Take m = p = 4, s = r = 2, q = 2 and w = 3 in Lemma 4.1. Then T 4×24×2 (F2, 3) is given by
T 4×24×2 (F2, 3) =
1∑
j=1
(Q
p
j,r − Qp−1j,r − Qpj+1,r−1 + Qp−1j+1,r−1)p=4,r=2,w=3
= Q41,2 − Q31,2 − Q42,1 + Q32,1
= 47 − 26 − 5 + 4 (computation similar to Example 4.1)
= 20.
These 20 CT bursts of order 4 × 2 having -weight 3 or less in Mat4×2(F2) are given by
⎛
⎜⎝
1 0
0 0
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
1 0
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
1 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
0 0
1 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 1
0 0
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 1
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
1 1
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
0 1
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
1 1
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
0 0
0 1
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
0 0
1 1
⎞
⎟⎠ ,
⎛
⎜⎝
0 1
1 0
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 1
1 0
0 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
0 1
0 0
1 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 1
0 0
1 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
0 1
0 0
0 0
1 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 1
0 0
0 0
1 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
1 0
1 0
0 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
0 0
1 0
1 0
⎞
⎟⎠ ,
⎛
⎜⎝
1 0
1 0
0 0
1 0
⎞
⎟⎠ .
Now, we obtain a lower bound on the number of parity check digits for the correction of CT bursts of order
pr (1pm, 1rs) having -weight w or less (1wms).
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Theorem 4.1. An (n, k) linear m-metric array code V ⊆ Matm×s(Fq) where n = ms that corrects all CT bursts of
order pr (1pm, 1rs) having -weight w or less (1wms) must satisfy
qn−k1 + T p×rm×s (Fq,w), (12)
where T p×rm×s (Fq,w) is given by (7) in Lemma 4.1.
Proof. The proof follows from the fact that the number of available cosets must be greater than or equal to the number
of correctable error arrays including the array of all zeros. 
Remark 4.1. Taking p = m2, r = s2 in Lemma 4.1, we get
T m×sm×s (Fq,w) = Qm1,s − Qm−11,s − Qm2,s−1 + Qm−12,s−1, (13)
where
Qm1,s =
∑
k1,k2,...,ks
m!∏s
i=1ki !(m −
∑s
i=1ki)!
×
(
q − 1
q
)∑s
i=1ki
q
∑s
i=1iki , (14)
and k1, k2, . . . , ks are nonnegative integers such that
s∑
i=1
kim,
s∑
i=1
(i)kiw. (15)
Further, if we exempt the condition that ﬁrst row and ﬁrst column in the CT burst are non-zero, then we have
T m×sm×s (Fq,w) = Qm1,s = vol(Sw),
where vol(Sw) [14] is the volume of sphere of radius w in Matm×s(Fq)Fmsq equipped with -metric and the bound
obtained in Theorem 4.1 becomes
qn−kQm1,s ,
or in other words
qn−kvol(Sw)
which is the Hamming bound for random error correction [14] in linear m-metric array codes.
Now, we obtain a bound for the correction of all CT bursts of order pr or less (1pm, 1rs) having -weight
w or less.
Theorem 4.2. An (n, k) linear m-metric array code V ⊆ Matm×s(Fq) where n = ms that corrects all CT bursts of
order pr or less (1pm, 1rs) having -weight w or less (1wms) must satisfy
qn−k1 +
p∑
c=1
r∑
d=1
T c×dm×s (Fq,w), (16)
where T c×dm×s (Fq,w) is given by Lemma 4.1.
Proof. Follows directly from Theorem 4.1 and Remark 3.1. 
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5. Reiger’s type bound for CT bursts in m-metric array codes
Reiger [13] obtained the necessary bound for correction and detection (simultaneously) of bursts errors in classical
coding systems. In this section, we obtain analogous bound for CT burst errors in array coding. For this, we ﬁrst prove
a lemma:
Lemma 5.1. An (n, k) linear m-metric array code V ⊆ Matm×s(Fq) where n = ms that has no CT burst of order pr
or less (1pm, 1rs) as a code array must have at least pr parity check digits.
Proof. Let V ⊆ Matm×s(Fq) be any (n, k) linearm-metric array code (n=ms) over Fq . Consider  to be the collection
of all those elements of Matm×s(Fq) which have all their non-zero components (if at all they have) conﬁned to ﬁrst p
rows and ﬁrst r columns. Then  = ∅ as null matrix belongs to it. We claim that no two matrices in  can belong to
the same coset of the standard array. Let, if possible, A,B ∈  such that A,B ∈ same coset of the standard array. This
gives
A − B ∈ V . (17)
But by the nature of the elements of , A, B ∈  implies A − B ∈  and, therefore, A − B is a CT burst of order pr or
less. Since no CT burst of order pr or less is a code array, therefore, we have
A − B /∈V . (18)
Eqs. (17) and (18) lead to a contradiction. Therefore, no two members in  can be in the same coset of the standard
array. Since the number of available cosets =qn−k and number of elements in  = qpr , therefore, we must have
qn−kqpr
or n − kpr .
Hence the lemma. 
Now, we obtain bound for CT bursts in m-metric array codes analogous to classical Reiger’s bound.
Theorem 5.1. In order to correct all CT bursts of order pr or less (1pm, 1rs), an (n, k) linear m-metric
array code V ⊆ Matm×s(Fq) where n = ms must have at least 2pr parity check digits. Further, in order to correct
all CT bursts of order pr or less and simultaneously detect all CT bursts of order pl or less (lr, s l + r), the code
must have at least p(l + r) parity check digits.
Proof. Consider a matrix in Matm×s(Fq) which is a CT burst of order 2pr or less (here 2pr means either p × 2r or
2p × r). Such a matrix can be expressed as a sum or difference of two matrices in Matm×s(Fq) each of which is a CT
burst of order pr or less. Since the linear m-metric array code corrects all CT bursts of order pr or less, therefore, all
CT bursts of order pr or less must belong to different cosets of the standard array i.e. the difference or sum of two CT
bursts of order pr or less cannot be a code matrix. This implies that the matrix under discussion which is a CT burst
of order 2pr or less is expressible as a sum or difference of two CT bursts of order pr or less and cannot be a code
matrix. Therefore, a CT burst of order 2pr or less cannot be a code matrix. Thus, by Lemma 5.1, the linear m-metric
array code must have at least 2pr parity check digits.
Again, consider a CT burst of order p × (l + r) or less. Since the linear m-metric array code corrects all CT bursts of
order pr or less and simultaneously detects all CT bursts of order pl or less (lr, l + rs), therefore, all correctable
or detectable error matrices must belong to different cosets of the standard array unless the error matrix is the same.
Since a CT burst of order p × (l + r) or less can be expressed as a sum or difference of two matrices, one of which is
a CT burst of order pr or less and other one is a CT burst of order pl or less, therefore, the matrix which is a CT burst
of order p × (l + r) or less cannot be a code matrix. Accordingly, the code must have at least p(l + r) parity check
digits. 
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